Background: The introduction of sandwich osteotomy technique with simultaneous implant
| INTRODUCTION
At the past decades, vertical bony defects was challenging and was restored by several techniques in a staged approach without implant placement, the defect was restored and time was given for bone formation and healing followed by second stage surgery where implant is placed.
Several factors has to be taken into consideration prior to implant placement in severely atrophied anterior maxillary region for proper planning and successful results like, height of the present hard tissue at the implementation site which may create unfavorable crown/ implant ratio leading to mechanical failure of the implant system, the amount of keratinized gingiva and mobile mucosa with respect to the alveolar crest, the expectations of healing at the recipient site, the need for further soft tissue correction in the future or not, a proper vascularized bone is also necessary for the success of dental implant and the graft either soft tissue graft or hard tissue graft. 1 The problem of inadequate alveolar ridge height is a major limitation for successful dental implant placement, where the routine techniques of implant placement are not possible because of the discrepancy between the alveolar height of the ridge and that of the implant. In extreme cases, it is necessary to prepare the deficient ridge with ridge augmentation procedure using either, Guided bone regeneration (GBR), vertical block grafting with autogenous bone, vertical distraction osteogenesis, and vertical reconstruction using titanium mesh with particulate bone graft or inlay bone graft. These augmentation techniques will increase the vertical ridge height but will add extra cost for the patient, increase patient morbidity and time. 2 The most common reason for vertical bony deficiency at anterior maxillary region is due to periodontitis, trauma, or subsequent to dental extraction. If socket preservation is not done after extraction, the alveolar ridge height is often reduced and affected, although the palatal wall may maintain its vertical height but the labial plate deficiency will be easily noticed which will make it difficult to manage for aesthetic implant placement. Briefly, vertical bone gain remains the main challenge and restrictions always present for the application of these techniques in anterior aesthetic zone, thus the aim was to evaluate if this technique will be more beneficial to the patient in terms of vertical bone gain and implant placement or not.
We report here a new technique with a study of nine consecutive cases treated over the past year in which sandwich osteotomy with simultaneous implant placement was done as an alternative technique to overcome the disadvantages of other treatment options.
| MATERIALS AND METHODS
Nine Patients suffering from multiple missing anterior maxillary teeth were selected from the outpatient clinic, oral and maxillofacial surgery department, Faculty of Oral and Dental medicine, Cairo University.
The present study was approved by the ethics committee of Faculty of Oral and Dental medicine, Cairo University. Each patient was interviewed to obtain a comprehensive medical and dental history.
| Criteria of the edentulous ridge
Candidates with anterior maxillary vertical dimension less than 10 mm measured from the crest of the ridge to the nasal floor were excluded from the present study to ensure the solid stability of the implants with the mobilized segment without compromising the nasal cortex.
For the selected cases, the crestal alveolar width at the edentulous region should be more than 6 mm. The number of missing teeth in the anterior maxillary alveolar ridge was two anterior teeth. There was increased interarch space compared with the adjacent teeth while the horizontal alveolar dimension remains normal.
| Clinical evaluation
A through medical and dental history followed by clinical examination was carried out for all patients. Clinical measurements were taken to ensure patient adherence to our initial inclusion criteria prior to further investigations. 
| Intraoperative surgical procedure
All patients received local anesthesia (Articaine 4%) in combination with oral conscious sedation using 10 mg midazolam. A three line 
| Follow up
Patients were evaluated after 3 days and weekly thereafter for the first month and then once monthly for signs of dehiscence.
Radiographic assessment was achieved by CBCT scan immediately and 4 months postoperatively to evaluate bone regeneration and the amount of marginal bone loss around the implants, a total of three scans were taken for each patient.
| Clinical result
The immediate postoperative follow up went uneventful for all nine patients included in the present study. None of them showed any FIGURE 2 Incision and flap elevation FIGURE 3 Osteotomy outline using carbide disc of thickness 1 mm and diameter 10 mm 
| Radiographic result
Radiographic assessment showed an average bone gain of length up to 5 mm at the labial surface of the placed implants upon assessment of the immediate CBCT (Table 1; Figure 10 ).
The 4 months CBCT showed complete bony osseointegration for 14 dental implants without any marginal bone loss either from the palatal or labial side of the implants (Figure 11 ). FIGURE 5 Bibeveled chisels used to downfracture the transported segment to the desired height required FIGURE 6 Chisel placement between the two segments during implant drilling to stabilize the mobilized segment During mucoperiosteal elevation, the palatal flap was not reflected to preserve the blood supply to the mobilized segment which in turn reduces crestal bone resorption following the surgery and promote healing of the graft for better results. This was first adopted by Frame and colleagues, 6 who carried out experimental study to prove the ability of the pedicle mucosa to maintain the viability of coronal bone segment, allowing rapid remodeling of bone graft.
Following the results of Mounir and colleagues, 2 who performed experimental study on 16 patients divided into two groups at anterior maxillary region, the bone cuts were made using carbide disc of thickness 1 mm and diameter 10 mm as it provide quick clean and sharp cuts of minimal thickness, on the other hand, Jensen and colleagues, 3 who preferred in his study to make the bony cuts using sagittal saw, while
Bormann and colleagues, 1 recommended the use of piezoelectric surgery device who performed his study on 13 patients suffered from atrophied posterior mandible, taking into consideration that at the present study the vertical cuts were advised to be almost parallel to each FIGURE 9 Flap suturing using resorbable vicryl 5-0 suture material FIGURE 10 Immediate cone beam computer tomography after sandwich osteotomy technique with simultaneous implant placement showing the amount of vertical bone height gained which is measured from the margin of the basal bone to the transported segment 12 (14) 13 (14) 11 (14) 21 (14) 11 (14) 21 (14) 11 (14) 21 (14) 11 (14) 21 (14) 11 (14) 21 (14) 11 (14) 21 (14) 11 (14) 21 (14) 11 (14) (18) 11 (16) 21 (16) 11 (20) 21 (20) 11 (18) other as it allows for the stability of the mobilized segment during preparation of implant osteotomies depending on its retention with the adjacent bony walls. Then, the above described bone cuts were revised using spatula osteotomies, fine chisels, and light weighted mallet.
Massimo and Robiony, 7 in his study recommended that the apical bone cut should be 4 mm away from the nasal floor but in cases with total alveolar height 7 mm or less it will be difficult to perform the apical cut 4 mm away from the nasal floor as the residual mobilized segment will be 3 mm so increasing the probability of segment resorption or segment fracture during drilling and even if it did not fracture it will be extremely difficult to drill in such small segment, so we recommend that the apical cut should be away from the crest at least by 5 mm regardless the total alveolar height to compensate for the volumetric bone loss of the transported segment.
Although autogenous bone graft remains the gold standard in alveolar reconstructive techniques, however we preferred the selection of xenograft particulates in our study to augment the intermedi- Unlike other clinicians who preferred to stabilize the mobile segment using plates and screws for eliminating the possible micromotion at the graft-recipient interphase which might increase rate of graft resorption, this was emphasized by Tamimi and colleagues 9 In a contrast study by Scarano and colleagues, 10 who used 56 collagenated equine bone and concluded that the rigidity of the block eliminated the need for miniplates and screws which may cause fracture to the osteotomized segment. However, in our study, there was no need for plates and screws for fixation of mobile segments depending on several factors, the first factor which is the most important one that the idea of implant placement at the same stage holding the transported segment with the basal bone is more than enough for fixation, second factor that the height of the transported segment which we recommend not to be less than 5 mm to be rigid enough thus eliminating the need for extra means of fixation and finally the vertical cuts which are almost parallel to each other thus providing more means of retention, so concluding that there was no need for extra fixation using plates and screws as it might compromise the integrity and viability of the segment. 
